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Abstract 
In time past, designs of shafts were conservative in approach as relatively low working stresses were 
[1]. And where high stresses are involved, 
greater shaft dimension is employed for such design. This approach necessarily made the production cost 
high as quite a lot of materials are involved in such production. The primary reason for such approach is 
to safeguard the shaft failure in most operations. Unfortunately, the mechanism of failure mode was not 
well understood and because most of the applications in which shafts are employed are of great 
importance, which in some cases affects life negatively (i.e. involving loss of lives) and distortion of 
operations. Despite all these developments, designers are still faced with the problems of working with 
large numbers of formulas, computations and iteration procedures involved in the design of shafts. These 
have made the design procedures of shafts both cumbersome and rigorous, hence time consuming. This 
problem becomes more pronounced if the designer is interested in seeing the effects of the variation of 
one or more design parameter, this means he has to start again from scratch. 
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Fortunately, these problems can be overcome if the various advantages, utilities and flexibilities which 
modern high  speed micro  computers offer are put into good use in the design of shafts. 
This study was carried out to design shaft under various loading conditions using Computer 
Aided Design, and results gotten proved that it saves wastage of materials, and it safes time as well 
A software package (or program) was developed using the formulas initially derived and a numerical 
procedure for computing the deflection using the double integration methods. The Programming language 
used was Visual Studio C#. 
This objective was achieved in part as the program so developed satisfactorily handle designs 
based on strength and safety of the shaft. 
 
 
© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Noorul Islam 
Centre for Higher Education. 
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1. Main text  
A shaft is a metal bar that joins parts of a machine or an engine together enabling power and movement to 
be passed from one part to another. There are different types of shaft which includes: the transmission 
shaft, which transmits torque from one location to another; the spindle; these are short shafts and the 
axles; which are non  rotating shafts. 
Shaft is one of the most widely used machine elements in various mechanical engineering applications, 
especially in power transmission. They are found in applications such as the crankshaft, impeller shaft, 
propeller shafts, camshafts etc. the application of a shaft usually determine its nomenclature. Shafts are 
usually cylindrical in shape and they provide supports for the other machine elements such as bearings, 
pulleys, wheel and pinion, etc, which are mounted on shafts. The design and production of shafts are 
deeply entrenched in mechanical design and engineering principles. Analysis, evaluations and 
engineering principles are employed in the design to determine the stress, geometry and dimensions. 
[3]
in scope to the cross  section and the loading of the shaft, using Pascal programming language, was used 
to calculate only the diameters of the shafts under various loading condition. He recommended that the 
program could be made more comprehensive if other criteria and the preliminary calculations required are 
included and if it is designed and developed with a better programming language which has 
graphical/pictorial output features.  
Open access under CC BY-NC-ND license.
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In recent times, with great emphasis on the economical use of materials, the increased 
understanding of the mechanism and nature of fatigue failure, and improvements in the general 
mechanical design and analysis procedures, the trend towards conservatives has been reversed. As a result 
of this, the cost of production has been reduced with safety and reliability still granted. Shafts of various 
shapes and sizes can now be designed. [7] 
Shafting or design of shafts, concerns basically with the determination of the shaft dimensions to enable it 
withstand the various loads on it and perform satisfactorily under the various loading conditions. 
Specifically, it means the determination of the correct shaft diameter to withstand or resist stresses acting 
on it in any form [8].  
The strength is required to prevent failure while the rigidity is needed to maintain good contact 
and to prevent life shortening of the various supporting elements such as the gears, pulleys etc. in addition 
to the damages on the supporting elements, excess deflection will bring about whirling of the shaft. 
To obtain an optimal design, it is necessary that the various loads and moments acting on the shaft be 
taken into various considerations. Shafts are used to transmit power from one member to another, and are 
subjected to bending and torsional loads.  
To meet the requirements of strength and rigidity, a suitable chosen factor must be used to create a margin 
between the strength of the shaft and the stresses to be imposed on it. The factor so chosen is the factor of 
safety. 
          NOMENCLATURE 
  A.  N -  factor of safety chosen 
  B.  S -  the strength of a part 
  C.   - the stress on the part. 
  D.  Sy - the normal yield stress. 
  E.  Sut -  the ultimate strength 
  F.  a = alternating stress 
  G.  m = mean stress 
  H  Se = endurance strength  
e - Bending stress.  
J  g - Tensile (compressive) stress.  
t - Torsional stress.  
L. s - Stress in shear. 
0 - Coefficient of loading - (based on the type of dynamic loading of the shaft value  is 0.85mm) 
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e - Bending stress, g - Tensile (compressive) stress, 
   O. KmaxL - Coefficient of maximum loading or stress concentration factor (bending, Radial load, torsion,   
         Tension/compression is 1.70mm), 
    P. Reb  yield strength in bending (Syb), Rm  ultimate tensile strength (Su), Re  yield strength in   
        tension (Sy), Res  yield strength in shear (Sys). 
R. Rebc - Bending fatigue limit (with reversed or repeated loading). 
S. max - Maximum bending stress in loading cycle. 
min - minimum bending stress in loading cycle. 
U. G - shear modulus of rigidity 
V. T - Torsional moment 
W. L - Length of shaft section 
X.  - torsional deflection in degree 
Y. e - Coefficient showing sensitivity of material to irregularities of the cycle. 
e - Coefficient of the part size, 
p - Coefficient of surface quality. (this can either be Polished 0.1, Milled 0.8, turned 1.6, or rough   
machined 3.2) 
AB. b - Notch shape factor  
AC. q - Notch sensitivity factor. 
 
Adekunle. A. A, +2348033807942 
aaadekunle@lautech.edu.ng 
1.1  Material and Method 
The uses of computer in various engineering design situation have given rise to a new efficient design 
ectives of Computer Aided Design are to 
ensure defect less design, reduce cost and time spent on design as well as avoid increase in engineering 
[10]. 
Programming the computer to handle a design work involves the development of a set of instructions 
(program) in line with the design procedures, coding the instruction set with a high level programming 
language and using a compiler, which serves as an interface between the computer and user, to enable 
user supply various inputs or parameters of the design. The compiler translates the written program (high 
 level language) to a machine  readable program (low  level language). 
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This research work considers the failure theories and fatigue strength criteria which form the basis for 
shaft design. Then some of the theories and criteria were used to determine formulas that can be used for 
determining diameter or diameters required for a given loading condition. It then considered the use of the 
double integration method for determining shaft deflection along its length. 
1.2 Tasks the Software Solves 
 Determine the right diameters of shafts to withstand the various loading conditions 
 Based on the preliminary design of the minimum diameter, technological and functional    
requirements, a design of the shaft shape can be made 
 Calculation of equivalent stress in the shaft 
 Coefficient of static safety of the shaft 
. Coefficient of Dynamic safety of the shaft 
Preliminaries 
Power transmitted by the shaft (kW) 
Shaft Speed (rpm) 
Torsional Moment (Nm) 
Bending moment (Nm) 
Preliminary Diameter (mm):   
The type of shaft load 
 Type of Material to be used. 
1.3 Factor of Safety 
[5]
only approximate values for shaft loadings, geometry and material properties or if there are grave 
consequences for shaft failure. The factor of safety employed in the design of shafts depends on factors 
such as degree of safety required, materials used, purpose of shaft, accuracy of the values used in 
computing the loadings, geometry, mechanical properties etc.[6] 
One of the major task is to ensure that a machine part is safe in operation under reasonably and 
foreseeable conditions. To do this effectively, the stresses in a part and the strength are combined in such 
a way that the stresses do not reach or exceed the strength of the part. 
Generally speaking, there are two ways of accomplishing this analytically. These include; the reliability 
approach and the factor of safety approach.  
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The reliability approach involves the determination of the distribution of stresses and the distribution of 
strength on a part, and then relating these two distributions in order to achieve an acceptable stress rate. 
[9]. 
The factor of safety approach to design is a reliable, time  proven and when carefully applied, sound and 
safe designs can be obtained.  It involves the creation of a margin i.e. margin of safety between the value 
of the strength and that of the stress or stresses on the member.[5] The margin ensures that the loads do 
not in any way, exceed the load bearing capacity of the member. A factor, called factor of safety or safety 
factor is used to create their margin. 
Expressing the relationship between the strength of a part, the stress on it and the factor of safety 
mathematically, gives: 
    
SN   ---------------- (1.0) 
The factor of safety chosen will depend on margin of safety desired, the type of material employed and 
the types of loading among others. 
However, cases exist where the diameter of the shaft is given or an approximated value of the diameter of 
the shaft is given or an approximate value of the diameter is chosen for a preliminary design, and the 
factor of safety is calculated from the given parameters. 
Equation 1.0 is not easily applied in that form as the effective stress is not easily determined. In a typical 
shaft design stress system, there are many stresses and any one of these stresses can reach a value that can 
damage or initiate the failure of the shaft. 
To determine which of the stress will govern the design and to determine the relationship between the 
strength, stress and factor of safety, various theories of failure have been proposed. And some of these 
theories were used in this research for the analysis in the design of shafts. 
1.4 Stress at a Point and Combined Stress 
Any complex stress state can be simplified into three principal stresses each corresponding to a principal 
plane. And also, the principal shear stress can also be determined. 
Consider the two dimensional stress element of figure 1 below; 
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Figure 1:  Two dimensional stress 
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If a plane inclined at an angle  to x  axis, cuts through the element as shown, the stresses acting normal 
and parallel to the plane i.e.  and  can be obtained. This is given as:  
  cos)½()½( yxyx     ----- (1.1) 
                       And      
 2cos2sin)½( xyyx          
------- (1.2) 
If the expression for the nominal stress ,  is differentiated with respect to  and equated to zero, the 
values of the principal stresses can be obtained  
   }4){(½)½(
22
1 xyyxyx      
---- (1.3) 
             And   
   }4){(½)½( 222 xyyxyx  
-------- (1.4) 
Where; 1 and 2 are the principal maximum and minimum stresses respectively. Similarly, the 
expression of the shear stress 1, can be differentiated with respect to  to obtain the principal shear stress 
value. 
   
})-{(/ 22yx2
1
1 xy
   ------------ (1.5) 
It is also noted that 
    2
)( 21
1
                    ----------- (1.6) 
Equations 1.3, 1.5, and 1.6 can be used to calculate the principal stresses for any two  dimensional stress 
state. The Mohr circle approach can also be employed to determine these stresses for either two or three 
dimensional case. 
It should be noted that the shear stress acting on the plane of principal stress (normal) is zero. The 
principal stresses 1, 2, and 1 forms the basis of the theories of failure since they represent the highest 
and lowest values of stresses in a given loading case; hence, all stresses fall within these limits. 
1.5 The Maximum Shear Stress Theory 
This theory predicts failure on the basis of the maximum shear stress in a material under compound 
loading condition. It postulates that failure for such material occurs when the maximum shear stress in it 
attains a value of the shear stress when subjected to a simple tensile stress. The yield shear stress is 
usually taken to be the stress at failure.   
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or completely reversed normal, shear or combined [9]. 
If max is considered as the maximum shear stress in the complex stress system for two  dimensional 
state, failure occurs there when 
    
2
2
21
max 2
)(
xy
 ----------- (1.7) 
If a factor of safety N, is employed and the yield shear stress in a simple tensile text is given as Ssy; then 
from equation 1.0 
    max
sySN
                ----------- (1.8)
 
But it can be shown from equation 1.6 that the yield shear stress in a tensile test is equal to one  half the 
normal yield stress i.e.  
     2
y
sy
S
S
 
 
   
2
2
2 xy
yxSy  ------------ (1.9) 
The maximum shear stress theory of failure has been shown, from experiment, to be slightly conservative 
for ductile material subjected to a combination of normal and shear stresses. It should not be fluctuating 
stresses. [9]. 
1.6 Fatigue Failure and Strength Criteria 
Fatigue failures are failures, which occur when a member is subjected to fluctuating and/ or alternating 
stress levels. It can also be simply defined as failure associated with time dependent varying stresses in a 
material. Fatigue failure introduces a challenging dimension to the issues of failure of material.  
The fatigue failure usually begins at a point where a small crack exists in a material and it develops 
progressively in the region of discontinuity in the material such as a change in cross section, a keyway or 
a hole. Once this crack has been initiated, the stress concentration effect becomes greater and the stress 
increases in magnitude until, finally, the remaking area fails suddenly [10]. Most often, fatigue failure 
occurs at a stress level, which is below the yield or ultimate strength of a material and it is usually 
catastrophic as it gives no indication of failure, and results in rupture of the member. Some strength 
criteria have been proposed to safeguard against this form of failure in design and three of them are 
considered below. 
(a)The Modified Goodman Criteria 
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The modified Goodman approach considered failure on the basis of endurance limit strength and ultimate 
strength of the material. However, it does not address the possibilities of yielding in the first cycle, and as 
such it should be checked before it is used.[10]. 
The Goodman criteria is given as  
   ut
m
e
a
SSN
1
  ------------- (2.0)
 
 (b) The Soderberg Criteria 
The Soderberg criterion predicts failure on the basis of the endurance limit strength along the alternating 
stress line and the yield stress along the mean stress line. This approach provides for the possibilities of 
failure by yielding on the first half cycle and it is very safe to use. 
The Soderberg criteria is given as 
   y
m
e
a
SSN
1
   ------------ (2.1)
 
(c) The ASME Elliptic Formula 
The American Society of Mechanical Engineers (ASME) elliptic formula is given by  
    
22
1
y
m
e
a
S
N
S
N
N
 ---------- (2.2) 
Despite the presence of the Sy term, the possibility of yielding on the first half  cycle should be checked 
when employed.[10]. 
The modified Goodman criteria has found wide spread application; partly due to its simplicity and also to 
its less conservativeness when compared with the Soderberg criteria. The ASME elliptic formula was 
of design of transmission shafting (ASA  B17C  1927) was withdrawn in 1954 because it was found to 
be overly conservative in some cases and believed incomplete in others. [4]. 
1.7 Determination of the right diameters to determine the various loading conditions. 
For Steady bending moment and torsional moment (static load) based on the maximum shear stress 
theory, the diameter is given by; 
  
 For Steady bending moment and torsional moment (static load) based on the  
    Distortion energy theory, the   diameter is given by; 
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 For steady torsional and alternating bending moments (dynamic load) based on the     
     modified Goodman Strength Criteria, the diameter is given by: 
  
 
 
 For steady torsional and alternating bending moments (dynamic load) based on the     
     Soderberg strength criteria, the diameter is given by: 
 --------- (2.6) 
 
Calculation of Equivalent Stress  (MPa) 
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Similarly then for partial safety in tension SFg, torsion SFt and shear SFs 
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Bending Dynamic Safety 
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Similarly then for partial dynamic safety in tension SFgd, torsion SFtd and shear SFsd 
emea
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Medium Bending Stress (MPa) 
2
minmax
m  
Amplitude of Bending Stress (MPa) 
2
minmax
a  
 
Total Bending Shape Coefficient 
pb
b
e*  
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Bending Notch Factor 
11 bb q  
 
Shaft Shape and Dimension 
 
Fig 2 (a) and (b)  Shows a typical example of the shafts shape and dimension 
 
Table 1: Parameters Used In the Shape and Dimension of the Shaft 
Origin (fixed)        Initial co-ordinate of the cylinder part of the shaft from the left end of the shaft 
         L                            Length of the part of the shaft 
        Da                          Outer diameter on the left 
       Db                          Outer diameter on the right 
        da                           inner diameter on the left 
       db                           outer diameter on the right 
       R                             Rounding between cylindrical sections. (is defined for the right side of the section) 
Source: John Doe 2008 
 
 1.8 Shaft Design 
Shaft design begins with the determination of the overall shaft configuration; this would have been 
dictated by the type of application or mechanism of the machine, or many depend on the designer. 
The configuration indicated the positions of the various supported elements, the positions of the bearings 
and the length of the various geometrical sections.  
Shigley and Mischke (1989) proposed that the design be studied from the following points of view:  
Deflection and Rigidity: this includes the bending deflection, torsional deflection, slope at bearing and 
shaft  supported elements, shear deflection. 
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Stress and Strength: this includes static strength, fatigue strength and reliability. 
Design for strength and stress were first considered: thi
[10]. Maximum 
stresses were determined; these were sized to meet the strength requirements and then used to proportion 
the rest of the shaft to satisfactorily support the elements on it.  
The deflection and rigidity analyses require that the geometry of the entire shaft be known. These then 
was done by using the results from the stress analysis. 
 1.9 Shaft Design Considerations 
Factors and other various parameters that influence or affect the design of shafts were considered. 
Depending on the type of shaft and purpose, various considerations were involved. However, some 
common but very vital ones used in most shafts design were considered in this research. 
2.0 Loading 
Shafts are usually subjected to one or more of axial, bending and torsional loads. The bending load was 
introduced due to weights of the supported elements; while the torque transferred by the shaft induced a 
torsional load on it. Axial loads were introduced by stoppers, bearings and in other engineering 
applications such as drilling operations. 
The stresses due to these loads are given as 
2
1
2
0
4
DD
F
A
  ----------- (3.1) 
4
1
4
0
032
DD
MD
B
  ----------- (3.2) 
4
1
4
0
016
DD
TD
T
  ----------- (3.3) 
Where A, B, and T are the stresses introduced by the axial force F, Bending moment M and the Torque 
T respectively. D0, D1 are the outer and inner diameters of the shaft respectively. 
All the loads may be steady, alternating (fluctuating) or a combination of both. In addition, shafts may 
also be subjected to impact or shock loads. 
2.1 Design Based on Modified Goodman Strength Criteria 
The modified Goodman fatigue strength criteria can be combined with a failure theory to design a shaft 
subjected to a combination of steady and fluctuating load. 
The criteria is given as 
ut
m
e
a
SSN
1
 ----------- (3.4)
 
1975 A.A. Adekunle et al. /  Procedia Engineering  38 ( 2012 )  1962 – 1983 
2.2 Deflection Analysis 
The deflection along the shaft length can be determined using various methods. The methods adopted in 
this research work that is good for both plain and steeped shafts, and that is equally programmable for 
modern high  speed computer was numerical integration method. It involves finding the numerical 
dx
d
EI
M
dx
yd
2
2
 ----------- (3.5) 
Where y is the deflection of the shaft at a given length x from reference point on the shaft. A is the slope 
at a desired point. 
The equation 3.5 forms the basis for the deflection and slope analysis 
EI
M
dx
yd
2
2
 
From 3.5, 
dx
dy
     and     let 
x
o EI
Mdx
 
  1C  ------------ (3.6) 
Also, 
1Cdx
dy  
Integrating 
21
0
CCdxY  
Let 
0
dx  
21 CxCY  ------------ (3. 7) 
 2.3 Torsional Stiffness 
To determine the degree of torsional deflection, the equation 3.8 below can be used. 
GKD
TL
4
4
0 1
584  ------------ (3.8) 
2.4 Shaft Design Considerations 
Factors and other various parameters that influence or affect the design of shafts were considered. 
Depending on the type of shaft and purpose, various considerations were involved. However, some 
common but very vital ones used in most shafts design were considered in this work. 
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 2.5 Stress Concentrations 
In the design of shafts, stress concentrations are introduced mostly by pins, splines, keyways, interference 
fits and changes in the shaft diameters along the length. Fagerstrom (1986) observed that most cases of 
shaft failure originate at points where these concentrations exist. This was particularly true and well 
pronounced where high torque or power transmission is involved as the stress concentration adversely 
affects the fatigue resistance of shaft. 
To curtail the effect of stress concentrations, one of the following techniques can be adopted: 
Fillets of constant or variable radii are provided at every change in cross section of shaft. An 
abrupt change in cross section would result in a sharp increase in the stress at the region; hence a fillet 
introduced at such region reduces the abruptness and ensure a more uniform stress distribution. 
Relieving grooves were employed where press or interference fits, holes, grooves etc were involved. 
Where the dimensions of stress raisers such as keyways, holes, splines and fillets are known, 
then appropriate stress concentration factors should be employed. 
3.0 Results and Discussion 
3.1 Results 
Some Special Cases of Shaft Design 
The following shows the sequence of shaft loading conditions obtained in this research. 
 
 
Figure 3: Structural Steel used for Shaft Design under reversed torsion and bending with eight 
sections 
Figure 3: Yellow part of the interface, labelled  A is where the type of materials to be used and their 
properties would be selected, and in this regard, three types of materials were considered namely (i) 
Structural steel (ii) Gray Cast Iron and (iii) Light Alloys  
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Figure 4: Gray Cast Iron chosen for Shaft Design under reversed torsion and bending having eight 
sections 
Figure 4: Blue table on the right side of interface labelled B is where Shaft shape and Dimensions would 
be selected  
 
Figure 5: Light alloys selected 
Figure 5: Below the section A on the interface is section labelled C where we have Minimum shaft 
diameter in which the loading conditions could be selected, and below it, is the result unit where we have 
Torsional moment, Bending moments, etc. located. 
Worked examples to prove the functionality of the software developed. 
1978   A.A. Adekunle et al. /  Procedia Engineering  38 ( 2012 )  1962 – 1983 
1. A solid shaft 100 mm long is to be developed from the stand point of strength and rigidity. The shaft is 
supported by two deep groove ball bearings. The information below has been established: 
Power =95 KW (Static torsion), Shaft speed = 1000 rpm, Factor of safety = 1.7, polished surface quality, 
no of section = 6. The shaft is machined from steel into Ultimate Tensile Strength (Su) 560 MN/m2. 
SOLUTION: 
Torsional Moment = 907.18Nm 
Minimum Diameter, D0 = 40.89 mm 
Equivalent Strength = 57.17 Mpa 
Co-efficient of static Safety = 0.67 
Co  efficient of Dynamic Safety = 0.47 
 
 Figure 6:  Shaft design under static load condition with four (4) sections 
2. A hollow commercial shaft 100mm long is to be developed from the stand point of strength and 
rigidity. The shaft is supported by two deep groove ball bearings. The information below has been 
established: 
Power = 75 KW (Static torsion with bending), Shaft speed = 1500 rpm, Factor of safety = 1.4, turned 
surface quality, no of section = 4. The shaft is machined from Gray cast iron into Ultimate Tensile 
Strength (Su) 300 MN/m2. 
SOLUTION: 
Torsional Moment = 477.46Nm 
Minimum Diameter, D0 = 36.35 mm 
Equivalent Strength = 24.37Mpa 
Co-efficient of static Safety = 0.5 
Co  efficient of Dynamic Safety = 0.63 
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Figure 7:  Design of a hollow shaft under static torsion with bending load 
 
3. A commercial hollow shaft 500 mm long between bearing carries a pulley at its mid  point. The pulley 
55 KW, at 3500 rpm. Calculate the necessary shaft diameter.  Assuming Shock and Fatigue for Static 
Bending and torsional loads to be the same and equal to 1.5 (Su = 380 MN/m2). Shaft machined from 
Light alloy, Number of sections is 5. 
SOLUTION: 
Torsional Moment =150.06 Nm 
Minimum Diameter, D0 = 22.51mm 
Equivalent Strength = 3.17 Mpa 
Co-efficient of static Safety = 5.60 
Co  efficient of Dynamic Safety =5.39 
 
Figure 8: Hollow Shaft Design Static Bending and torsional loads with 5 sections 
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4.  A commercial shafting 400 mm  long with a 30 KW  pulley at 1500 rpm. Calculate the necessary shaft 
diameter.  Assuming Shock and Fatigue for Static Bending and torsional loads to be the same and equal to 
1.5 (Su = 240 MN/m2). Shaft machined from Light alloy, polished surface. Number of sections 4. 
SOLUTION: 
Torsional Moment =190.99 Nm 
Minimum Diameter, D0 =28.43 mm 
Equivalent Strength = 8.07 Mpa 
Co-efficient of static Safety = 1.39 
Co  efficient of Dynamic Safety = 1.05  
 
Figure 9: Shaft Design under Static Bending and torsional with four (4) Sections 
 
5. A solid shaft 450mm long is to be developed from  the stand point of strength and rigidity under 
reversed torsion and bending. The information below has been established: 
Power = 2.5 KW, Shaft speed = 8500 rpm, Factor of safety = 1.7, milled surface quality, no of section = 
7.  
The shaft is machined from light alloy : 
Ultimate Tensile Strength (Su) = 40MN/m2 
Yield strength in bending (Syb) = 30 MN/m2 
Yield strength in tension (Sy) = 18 MN/m2 
Yield strength in shear (Sys) = 10 MN/m2 
Notch sensitivity factor, q = 0.15    
Bending fatigue limit (with repeated loading), _Rebc =32MN/m2  
fatigue limit for torsion (with repeated loading),  _Rem = 20MN/m2 
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fatigue limit for tension and shear (with repeated loading), _Rec = 35MN/m2 
Bending fatigue limit (with reversed), Rebc = 7MN/m2 
fatigue limit for torsion (with reversed loading),  Rem = 5MN/m2 
fatigue limit for tension and shear (with reversed loading), Rec = 9MN/m2 
Solution: 
Torsional Moment = 2.87 Nm 
Minimum Diameter, D0 = 54.17mm 
Equivalent Strength =1.99 Mpa 
Co-efficient of static Safety =0.61 
Co  efficient of Dynamic Safety = 0.54 
 
Figure 10: Shaft Design under reversed torsion and bending with seven (7) sections 
 
6. A solid shaft 70KW at 2500 rpm under repeated torsion and bending is to be developed using the 
parameters in the table below:   
 
Material to be used: structural steel, Safety factor: 2.5, surface quality: 1.8, Su = 420 MN/m2 
      No of sections                              1                                       2                                                  3 
               L                                         60                                     64                                                60 
              Da                                        X                                      64                                                X 
              Db                                        X                                      68                                               X 
               Da                                       0                                        0                                                 0 
               Db                                       0                                        0                                                 0 
               R                                         4                                        4                                                 4 
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Solution 
Torsional Moment = 267.38 Nm 
Minimum Diameter, D0 = 52.85mm 
Equivalent Strength =13.21 Mpa 
Co-efficient of static Safety =1.38 
Co  efficient of Dynamic Safety = 1.58 
 
Figure 11: Preliminary Shaft Design with three (3) sections under reversed torsion and bending Load 
3.2 Discussion 
From example 1, 2, 4 and 6, it can be observed that based on the results of the co efficient static and 
dynamic safety, the value obtained for the co-efficient of static safety indicates that the material to be 
used for the design should be sufficiently plastic. 
From example 3, Based on the co efficient static and dynamic safety, the value obtained for the co-
efficient of static safety indicates that the material to be used for the design should be highly alloy steel or 
a very strong cast iron, and for that of co-efficient of safety indicates a lower accuracy of calculation 
which suggests a non  homogenous material is to be used with large diameters of shaft. 
4.0 Conclusion and Recommendation.     
Conclusively, the developed software was able to design shaft while varying so many loading conditions 
such as static load condition, bending load condition, various shaft diameter 
The design of shafts for strength and rigidity to withstand the severest loading and also to perform 
satisfactorily in service is the major aim of the engineer. 
The developed software could meet the design requirements such as:  
i. The determination of the right diameters to withstand the loadings 
ii. The determination of the right combination of the diameter to shaft length at various 
sections to prevent excessive deflection. 
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